Food industry is focused on the development of novel functional foods containing health promoting natural ingredients, avoiding the potential harm of synthetic food additives. In the present work, the antioxidant and antimicrobial potential of 
Introduction
The demand for foods with high nutritional and bioactive value (functional foods), and longer shelf life, is a mandatory challenge for food science and industry (Carocho, Barreiro, Morales & Ferreira, 2014) . Current interests of the food industry are focused on avoiding potential harmfulness of synthetic food additives and developing novel functional foods containing health promoting ingredients. Natural matrices/compounds with antioxidant and antimicrobial properties could serve both purposes.
The use of food additives comes from ancient times, where people used simple substances to increase the shelf life and assign or highlight specific characteristics of some foods (Aun, Mafra, Philippi, Kalil, Agondi & Motta, 2011) . Nowadays, processed food has to be transported across large distances to reach consumers and, therefore, special requirements are needed to ensure products quality and safety, mainly in
Evaluation of antioxidant properties.
To obtain stock solutions of 5 mg/mL, the lyophilized decoctions were re-dissolved in water. The mentioned stock solutions were successively diluted until determination of EC 50 values (sample concentration providing a value of 50% in the DPPH, β-carotene bleaching and TBARS assays or 0.5 absorbance in the reducing power assay).
DPPH radical-scavenging activity was evaluated using an ELX800 microplate Reader (Bio-Tek Instruments, Inc., Winooski, VT, USA), and calculated as a percentage of DPPH discolouration using the formula: [(A DPPH -A S )/A DPPH ] x 100, where A S is the absorbance of the solution containing the sample at 515 nm, and A DPPH is the absorbance of the DPPH solution. Reducing power was evaluated by the capacity to convert Fe 3+ into Fe 2+ , measuring the absorbance at 690 nm in the microplate reader mentioned above. Inhibition of β-carotene bleaching was evaluated by the β-carotene/linoleate assay; the neutralization of linoleate free radicals avoids β-carotene bleaching, which is measured by the formula: (β-carotene absorbance after 2 h of assay/initial absorbance) × 100. Inhibition of lipid peroxidation using thiobarbituric acid reactive substances (TBARS) was evaluated by the lipid peroxidation inhibition in porcine brain homogenates where the color intensity of the malondialdehydethiobarbituric acid (MDA-TBA) was measured by its absorbance at 532 nm; the inhibition ratio (%) was calculated using the following formula: [(A-B)/A] × 100%, where A and B were the absorbance of the control and the sample solution, respectively.
Trolox was used as positive control in all the assays. Listeria monocytogenes (NCTC 7973) , following the procedure previously described by the authors (Soković, Glamočlija, Marin, Brkić & van Griensven, 2010 (Soković & van Griensven, 2006) . The minimum inhibitory (MIC) and minimum fungicidal (MFC) concentrations were determined following the same reference. Bionazole and ketokonazole were used as positive controls.
Evaluation of antimicrobial properties.

Incorporation of the fennel-based natural ingredients in cottage cheese
2.3.1 Preparation of the cottage cheese samples. All the samples of cottage cheese were prepared by "Queijos Casa Matias Lda." (one of the main producer companies of "Serra da Estrela" cheese, the most famous Portuguese cheese). Three groups of samples, each one with nine ewe's cottage cheeses (250 g), were prepared: control sample (cottage cheese without the fennel-based natural ingredient); sample with the fennel decoction (it was incorporated in cottage cheese at the EC 25 value previously determined by DPPH assay: 0.35 mg/mL, corresponding to 1.05 g for each 250 g cottage cheese sample); and sample with the fennel powder (it was incorporated at 1.75 mg/mL, considering the decoction yield of 20%, corresponding to 5.25 g for each 250 g cottage cheese sample).
The samples (three different cottage cheeses for each storage time) were submitted to an evaluation of color, nutritional composition, and antioxidant activity, immediately after preparation and after seven and fourteen days of storage at 4 ºC.
Evaluation of color, nutritional composition and antioxidant activity of control and incorporated cottage cheese samples along storage time
The color of the samples was measured in a colorimeter (model CR-400, Konica
Minolta Sensing, Inc., Japan), using the illuminant C and diaphragm aperture of 8 mm;
the CIE L*a*b* color space values were registered using the data software "Spectra
Magic Nx" (version CM-S100W 2.03.0006) (Fernandes, Antonio, Barreira, Oliveira, & Ferreira, 2012) . The color was measured with 3 readings on the top and bottom part, for each sample.
Martins
The samples were also analyzed for proximate composition (moisture, protein, fat, carbohydrates and ash) using the AOAC procedures. The crude protein content (N × 6.38) of the samples was estimated by Kjeldahl method; the crude fat was determined by extracting a known weight of powdered sample with petroleum ether, using a Soxhlet apparatus; the ash content was determined by incineration at 600±15 ºC. Total carbohydrates were calculated by difference. Total energy was calculated according to the following equations: Energy (kcal) = 4 × (g protein +g carbohydrate) + 9 × (g lipid).
Fatty acids were determined in the soxhlet extract by gas-chromatography coupled to flame ionization detector (GC-FID), according to the procedure previously described by the authors (Barros et al., 2013) . The identification was made by comparing the relative retention times of fatty acid methyl esters from samples with standards. The results were expressed in relative percentage of each fatty acid.
Free sugars were determined in defatted samples by HPLC coupled to a refraction index (RI) detector, according to the procedure previously described by the authors (Barros et al., 2013) . The compounds were identified by chromatographic comparisons with authentic standards, and quantification was performed using the internal standard (melezitose) method. Sugars content was expressed in g/100 g of cottage cheese.
Organic acids were determined in defatted samples by HPLC coupled to a photodiode array detector (PDA), according to the procedure previously described by the authors For evaluation of antioxidant activity, the samples were submitted to DPPH and reducing power assays, previously described in section 2.4.
Statistical analysis
In each group, three different samples were prepared and analysed in triplicate. The results are expressed as mean values and standard deviation (SD). The results were analyzed using one-way analysis of variance (ANOVA) followed by Tukey's HSD Test with α = 0.05. This analysis was carried out using SPSS v. 22.0 program (IBM Corp., Armonk, NY: USA).
Results and discussion
Chemical characterization, antioxidant and antimicrobial properties of fennel phenolic-enriched extracts
The chromatographic profile of the fennel decoction can be observed in Figure 1 . Up to seventeen phenolic compounds were identified, including twelve phenolic acids and derivatives, and five flavonoids ( Table 1) (Table 1 ) cannot be directly compared with those given by other authors (Parejo et al., 2004b; Križman et al., 2007; Faudale et al., 2008; Roby et al., 2013) which expressed them regarding dry plant material.
Four different in vitro assays were applied to evaluate the antioxidant activity of the phenolic compounds-enriched extract of F. vulgare (fennel) prepared by decoction, and the results are shown in Table 2 . The high antioxidant activity of fennel has been previously reported for methanol (Barros et al., 2009 ) and boiling aqueous (Mata, Proença, Ferreira, Serralheiro, Nogueira & Araújo, 2007) extracts. However, the decoction prepared in this study showed lower DPPH scavenging activity, reducing power and lipid peroxidation inhibition than the ones reported in the mentioned studies.
A recent investigation described the evaluation of antioxidant properties of different fennel extracts (methanol, ethanol, diethyl ether and hexane), concluding that methanol and ethanol gave more efficient extracts than the other less polar solvents (Roby et al., 2013) . Nevertheless, water was not used in that study and the mentioned solvents exhibit some toxicity; therefore, the decoction used in the present work is more suitable for incorporation in food matrices.
The antimicrobial and antifungal activity of the fennel extract was examined against a panel of eight microorganisms selected on the basis of their relevance to public health.
The data were expressed as minimum inhibitory concentration (MIC), bactericidal concentration (MBC) and fungicidal concentration (MFC) and reported in Table 2 .
Salmonella typhimurium and Bacillus cereus were the most sensitive bacteria, while , 2013) . No statistical significant differences were observed in a* parameter; moreover, its value is close to zero and, therefore, the contribution to total color value is minimum.
All the cottage cheese samples are characterized by high moisture, protein and fat contents ( Table 3) . The samples complied with the standard of identity for cottage cheese, which states that they should have a minimum fat free dry matter content of 18% (Codex standard, 2010). The moisture contents were similar to the ones reported by Queiroga et al. (2013) , which also described a slight decrease in moisture along shelf life (28 days). Otherwise, Silva, Ramos, Moreno & Moraes (2010) found lower moisture contents (45.5-51.5 g/100 g) in "Coalho" cheese made from cow's milk. In the present study, as expected, a decrease in moisture levels was observed along the storage.
In our investigation, the amounts of protein and fat increased over time, however, it is necessary to take into account that moisture decreased and, therefore, a relative increase in nutrients concentration is expected. Nevertheless, the results obtained when The energy values also increased along shelf life, being in the same magnitude in all the samples (Table 3) ; this variation is also due to the moisture decrease and increasing concentration of nutrients as previously explained. A study with fresh soft cheese described energetic values varying between 174 and 197 kcal/100 g (Krbavcic and
Baric, 2004), lower than those obtained in our samples.
Lactose was the free sugar identified and quantified in the samples; fennel-based ingredients seem to protect lactose in the prepared cheeses, avoiding its decrease after 14 days of storage, which was observed in the control sample ( Table 3) .
Essential fatty acids and their derivatives represent an important nutritional role and have a high dietetic significance in dairy products. In all the samples, saturated fatty acid (SFA) predominated, followed by monounsaturated (MUFA) and then polyunsaturated (PUFA) fatty acids ( Table 3) . Studies with ricotta cheese showed similar fatty acid distribution as observed in the present study (Pizzillo et al., 2005) .
Palmitic acid (C16:0) and oleic acid (C18:1n9) were the predominant fatty acids in all the cheese samples ( Table 3) 
Effects on antioxidant parameters
As expected, cottage cheese did not show relevant antioxidant properties; the reducing power observed after 7 and 14 days is probably related with the formation of reducing substances after lipid peroxidation process. The incorporation of fennel improved the antioxidant activity of cottage cheese (Table 4) 
Conclusions
Overall, the incorporation of fennel-based ingredients did not altered significantly the nutritional characteristics of control cottage cheese, but seems to avoid the increase in b* color parameter (yellowness) after 7 days of storage (Figure 2A) , and the decrease in 
